There are no previous reports of energy expenditure and perceived effort during brisk-walking and running at speeds self-selected by young children. Fifty four participants (age 8-11 years old) performed 1500 m of brisk-walking and running in a marked school playground, and were given simple instructions to either 'walk quickly' or to 'jog'. During the running the children achieved higher mean speeds and a greater total energy expenditure (p < .001). However, there was no difference in the perceived effort between the two activities (p > .05). These findings suggest that under certain conditions children find it just as easy to run as they do to walk briskly, even though the speed and energy expenditure is significantly higher.
'overweight' and obese is increasing (4). Walking and running are popular forms of physical activity, especially because they are self-regulated and involve no special skills or facilities (6, 26) . They use major muscle groups of the body and result in increased EE, which can potentially reduce body fatness (20) . Walking appears to be more acceptable in young children because there are lower skeletal stresses than running and therefore less risk of injury (26) , providing it is performed briskly for significant EE to be achieved. However, after considering the apparent lack of research, direct investigation into the EE and perceptions of effort in children when performing these two types of exercise may have an impact upon future exercise prescription recommendations. In particular during a field-based environment where the majority of pediatric interventions take place would be advantageous for application.
Similarly, there are few studies that have explored EE in children when briskwalking and running in a field-based environment, such as the school setting. This can perhaps be attributed to the measurement of EE in a field-based environment, in children, presenting technical challenges. For example, the sporadic short highintensity nature of children's activity patterns is very hard to quantify since 'steady state' energy expenditure will realistically not be achieved (14, 29) . Consequently, most previous research has been performed in controlled laboratory settings on a motorized treadmill. However, it could be argued that laboratory-based treadmill walking and running might not be representative of the walking and running that children perform in a school setting, especially in primary-school age children, due to the 'unnatural' sensation it brings (17) .
It is commonly accepted that running requires greater energy expenditure (EE) than walking per unit body mass while moving at a given speed (33) . However, research involving adolescents and adults has shown that EE for walking and running can overlap when the walking is brisk (33) . The relationship between oxygen uptake (VO 2 ) and speed of walking and running is curvilinear and linear, respectively, and because these relationships overlap, at brisk-walking speeds it is possible to have higher EE than running at the same speed (~7.5 km.hr -1 ). It seems that biomechanical inefficiencies (5), and consequential internal effort perception, at higher walking speeds make individuals feel more comfortable in changing from walking to running. Durand et al. (5) described this as a 'spontaneous transition' and it appears to be between 5.5-8 km.hr -1 in children. Nevertheless, to the authors' best knowledge, there seems to be no published reports of comparative EE alongside perceptions of effort in children when performing both modes of exercise.
The measurement of perception of effort in children is known to be difficult. Stratton & Armstrong (31) explored children's perceptions of effort using the Borg rating of perceived exertion (RPE) scale (2) , and concluded that children had poor perceptions of exertion during physical education lessons. For this specific population this is associated with terminology misinterpretation and overall restricted cognitive perception of workload during childhood (9) . Though this has been contested elsewhere (9), Utter et al. (32) further discuss that children under the age of 11 struggle to consistently assign numbers to words or phrases that describe levels of exertion. Williams et al. (35, 36) and Eston et al. (9) explain that young people are often puzzled by the wording and the range of numbers used in the RPE scale, and endorse that a child-specific version may be more appropriate. Based upon commentary and further exploration of appropriate child-specific scales for percep-tions of exertion (8, 18, 19, 32, 36) , Yelling et al. (37) created the Pictorial Children's Effort Rating Table (PCERT) . This uses the same scale and terminology as in the previously validated Children's Effort Rating Table (CERT; 36) , with a pictorial character walking/running up steps, becoming fatigued.
The purpose of this study was to compare EE and PCERT ratings for 1500 m of brisk-walking and running in primary school aged children, when given brief instructions and allowed to self-regulate their exercise intensity in a field-based environment.
Methods

Participants
A primary school (located within the South-East of England) was contacted about its possible involvement in this study, based upon its outdoor facilities. Participants were recruited using a dual assent and consent procedure (16) . Following consent, fifty four healthy participants were invited, and agreed to take part in this study. Descriptive data for the participants can be seen in Table 1 , using methods illustrated in a previous study (12) . The Institution's ethics committee approved all documentation and methods for this study. 
Equipment and Procedure
Indirect calorimetry was measured during this study using a Cosmed K4b 2 Portable Gas Analyzer (COSMED s.r.l., Rome, ITALY). The device has commonly been used with pediatric populations in the areas of disability, gait and validation of physical activity assessment devices (14, 21) . The K4b 2 is a lightweight, portable device, which allows field measures of VO 2 and carbon dioxide production (VCO 2 ). The set-up and calibration procedures have been reported in a previous publication (28) . The device was calibrated using a 3 L syringe, and known gas concentrations of 16.0% O 2 and 5.0% CO 2 . A population-specific flexible mask was used (Hans Rudolph, Kansas City, MO). Due to there being no relevant published data to assess the accuracy and reliability of the tool to measure indirect calorimetry in children aged 8-11 years old for the current study a validity and reliability pilot study (unpublished data) was conducted using a sample of 20 participants (boys and girls; age 9.6 ± 0.7 years; body stature 1.39 ± 0.1m; body mass 32.5 ± 5.8kg; mean ± SD). A validity comparison was made between the measurement of VO 2 using the Cosmed K4b 2 and criterion Douglas bags (Harvard Apparatus Ltd, Kent, UK), using a dry gas meter (Harvard Apparatus Ltd, Kent, UK) and expired gas analyzer (Servomex Series 1440, Servomex Group Ltd, Crowborough, UK). The protocol consisted of a nonsimultaneous assessment with the order of the gas analysis system being randomized on each occasion. Indirect calorimetry was recorded for each participant at rest, and when walking at 2 and 4 km.hr -1 . Bias ± 95% limits of agreement were for VO 2 (ml.kg -1 .min -1 ) was 0.073 ± 0.2. Likewise, using the same sample of 20 participants assessed on two assessment days, via the previously stated assessment protocol, a coefficient of variation and intraclass correlation of 18.4% and 0.55 were seen for VO 2 (ml.kg -1 .min -1 ) and 16.6% and 0.59 for energy expenditure (kcal.min -1 ), respectively. Participants' physiological stress was also subjectively monitored using the PCERT (37) . Each participant indicated their perceived level of exertion as the investigator held up a large A3 schematic of the PCERT before the start, and at the end of each lap when performing the brisk walking and running protocols. If participants felt they were under significant strain (PCERT value >8), then test protocol was stopped, in accordance with the recommendations of the institution's ethics committee. This did not occur at any stage during the current study.
Participants attended a single testing session, which took place on the school playground, at the start of the school day. Diet was not controlled, but participants were instructed not to consume food within 90 min of testing. The protocol involved two participants completing four laps around a marked 375-m track. Participants were instructed to "walk quickly" or "jog" at a comfortable pace during the brisk walking and running trials, respectively, while being measured for energy cost of each activity. This terminology was adopted to suit the vocabulary of the participants. The track was prepared and measured before testing commenced each day and was repeatedly checked using a trundle wheel. The design meant that participants exercised alternately, with one participant performing the walk or run, while the nonexercising participant rested for 15 min until their heart rate was within 5 beat.min -1 of rested state. The order of the exercise activities was randomized to account for fatigue, using a counter-balance model and random number generation on SPSS Version 13.0 (SPSS Inc, Chicago, IL).
Data Analysis
Sample size selection for this study was based on adjustments for the reliability of the repeated measures according to Hopkins (15; N = 64s 2 /d 2 ; where N is the total number of subjects, s is the coefficient of variation, and d is the smallest worthwhile change). Smallest worthwhile changes were based on prior literature illustrated in the introduction (9-20%) and coefficients of variation for the measures used based on preintervention equipment checks (8-21%; unpublished data). It was noted that a sample of thirty nine participants were required to obtain a statistical power of 80% with an alpha of 0.05. However, a sample size of fifty four participants was actually used in this study to ensure required statistical power was obtained as smallest worthwhile changes were based on participants who were older. All the descriptive results for this study are presented as mean ± one standard deviation. Data were analyzed using SPSS Version 13.0. Assessment of homogeneity of variance was by the Kolmogorov-Smirnov Test, with Lilliefors Significance Correction. If data sets were not normally distributed then they were converted into natural logarithm values. However, if data remained nonnormally distributed they were analyzed in their original format. Differences between the within-group protocols were measured using either a Paired T-Test or Wilcoxon Signed-Rank Test, depending on whether data were parametric. Although statistical significance was accepted as p < .05, because of multiple listings Bonferoni adjustments were made that resulted in a revised alpha of 0.008 (1). In addition, allometric analyses were performed on the data using the relationship between body mass and the physiological variables (27, 34) . Body mass adjusted power exponents of 0.7 and 0.6 were used for total VO 2 and total estimated EE, respectively, based on the pooled relationship of the current study's participants' variables and body mass, which allows for appropriate future crossstudy comparisons.
Results
Participants' mean speeds during the 1500 m run and walk were 2.70 ± 0.3 and 1.61 ± 0.1 m.s -1 , respectively. Mean VO 2 (ml.kg.min -1 ), respiratory frequency (breath.min -1 ), minute ventilation (l.min -1 ), heart rate (beat.min -1 ), and respiratory exchange ratio were greater during running 1500 m than brisk-walking (p < .001; Table 2 ). Similarly, the results show that total-activity VO 2 (ml.kg -1 ) were greater when running 1500 m than during brisk-walking (p < .001; Table 3 ). Mean estimated rate of EE (kJ.min -1 ) and total-activity estimated EE (kJ) were greater when running than brisk-walking (p < .001; Table 2 and 3, respectively). There was no significant difference in mean PCERT during both brisk-walking and running 1500 m (p > .05; Table 3 ). There were no additional differences when the data were based on gender (Table 3 ) and when allometric scaling was performed (Table 4 ). In addition, the effect size and statistical power for total oxygen uptake (ml.kg -1 ) were 0.62 and 94% compared with 0.892 and > 99% for total estimated energy expenditure (kJ), respectively 1 . 
Table 2 Values for Estimated Energy Cost of Brisk Walking and Running 1500-Meters
Discussion
The purpose of this study was to compare EE and PCERT ratings for 1500 m of brisk-walking and running in primary school children, when given brief instructions and allowed to self-regulate their exercise intensity. The findings were that under certain conditions children find it just as easy to run as they do to walk briskly, even though the speed and EE is significantly higher during running. There are no previous studies of EE and effort rating during walking and running in young children with which to compare these findings. Indeed, the interrelationships of EE, effort perception and walking speed in children are complex and poorly understood. It is known that, in adults, there is a readily apparent most economical speed of walking (1.3-1.4 m.s -1 ) and EE rises disproportionately at higher walking speeds, probably because of less efficient production of force by the exercising muscles (23) . Therefore, brisk walking requires the adoption of an uneconomical and less efficient gait. Indeed, some studies of adolescents and adults have shown that at some walking speeds it is possible to have the same or even higher EE during brisk walking than during running at the same speed (33) . It is possible that the young children in this study rated their effort relatively higher during the brisk walking because it felt uneconomical and was less efficient. The finding that the young children who participated in this study self-selected brisk walking and running speeds which gave them effort ratings of 4-5 on the PCERT, suggests that young children are able to select an appropriate exercise intensity, even when given very simple instructions. The young children in our study appeared to make this selection of speed, at the outset of the exercise, based upon the distance that they knew they were being asked to complete and the verbal description of the purpose of the study. The written descriptors used on the PCERT scale (37) were those of the original CERT, developed by Eston et al. (7), and ratings of 4-5 would be between 'Just feeling a strain' and 'Starting to get hard'. Therefore, the young children in this study appeared to select their exercise intensity quite sensibly, given the nature of the instructions and the distance involved in the exercise. This 'sensibility' in self-selecting exercise intensity has not been shown previously in such young children and it supports the idea that effort rating descriptors are useful in assisting young children to make judgments about how to perform certain school-based physical activities.
One of the limitations of the findings of this study is that the values for VO 2 during running and walking in the young children of the current study are difficult to compare with values from previous studies. Firstly, there have been few previous field-based studies, with most previous studies using treadmill walking and running. Maliszewski & Freedson (22) reported values of 40.6 ml.kg -1 .min 1 in their 9-13 year old children when running at 9.6 km.hr 1 (2.66 m.s -1 ). Our value of 29.6 ml.kg -1 . min 1 for running at 2.7 m.s -1 , in our younger group of participants, is difficult to compare with such previous values, because account would need to be taken of age, maturational status and body size of the different groups (34) . Furthermore, though the values in the current study seem to be significantly lower than that of Maliszewski & Freedson (22) , such discrepancies can possibly be attributed to the current study being field-based with self-paced locomotion velocity, not based on a fixed-velocity treadmill which is 'unnatural' and potentially more 'stressful' to pediatric participants as previously highlighted.
Secondly, another issue with the data are that the respiratory exchange ratio data reveals values higher than 1.00, which would suggest that the intensity of the run was more than a jog. It should be noted that the reported values are based on the use of indirect calorimetry to obtain the energy costs of walking and running. The K4b 2 device has previously been used in a similar way during the field-study by Harrell et al. (14) , and has been shown to be a valid and reliable method to assess EE (24) . However, Pinnington et al. (28) suggested that the values of the K4b 2 device might overestimate VO 2 and VCO 2 . Moreover, in pediatric participants, there are limitations to the assessment that may affect the findings, which must be noted. These limitations are mostly related to the large breath-by-breath noise for these participants and the inability to measure oxygen deficit during each activity (10) . Such differences reduce the confidence with which kinetic measures can be estimated, unless the data are aligned and means used to improve signal-to-noise ratios (11) . To account for this within this study, for each individual breath value, a 5-breath mean was used to reduce this noise. Moreover, total amount of activity VO 2 and estimated EE were calculated by a mean averaging-calculus method, using the sum of the respective accumulated breath-by-breath interval values. In addition, because of children's naturally higher dependence on aerobic rather than anaerobic source, and faster dynamic responses compared with adults, it seems the notion of oxygen deficit will have minimal effect in children (10, 11) . Nonetheless, the mean respiratory exchange ratio exceeding 1.00 questions whether aerobic metabolism was the sole source of energy production during the jog.
Furthermore, Lamb & Eston (19) highlight that a limitation of the validation of previous child-specific perceived exertion scales is that they involve tasks where it is easy to identify when the intensity is getting progressively harder, rather than using more varied protocols. In addition, perhaps the use of a more novel 'curvi-linear' pictorial scale would have been appropriate to address issues of diminished sensitivity at lower and upper intensity levels (9) . Nevertheless, after acknowledging and accepting the limitations of the measures used, and based on the strong sample size and Bonferoni corrections, variances and errors occurring in the data should largely be accounted for (13, 25) , which is reinforced by the large statistical power values demonstrated in the results.
The results of this study indicate that there were no supplementary differences when the participants were categorised into boys and girls. Previous studies in adults have identified that obese women have a higher metabolic cost of walking than obese males (3). However, in children, although there is limited review of this topic, studies by Rowlands et al. (29) and Walker et al. (33) reported that gender does not affect estimated EE during walking in adolescents, which supports the finding in this study. The gender difference that is apparent in adults, and not children, is potentially related to physiological and biomechanical differences that have not manifested in the prepubescent participants (6, 30) . A limitation of this study is that the impact of any gender influences on the results could have been better shown with the use of an analysis of covariance, rather than using smaller sample sized groups and reducing statistical power. However, it was not possible to do such a test because much of the data were nonparametric in both normal and log transformed states. Performing such an analysis would have incurred several errors due to the assumptions the model makes.
In addition, to account for the impact of body size on physiological characteristics, allometric scaling was used during this study (27, 34) . As when the data were analyzed with no adjustments for body size, the results show that total-activity VO 2 and total estimated EE were greater during running 1500-m than the brisk-walking (p < .001; Table 4 ). By performing this additional assessment, scaling removed the powered covariate impact of body size on the data to confirm and supplement the findings of this study.
Conclusion
This is the first study to measure differences in EE and effort perception during 1500 m brisk-walking and running in young children, within a school-based setting. There was greater EE during running than brisk-walking but no difference in the perceived rating of effort. The young participants in this study were able to self-regulate their exercise intensity in a sensible way which produced effort ratings suggesting that the exercise, at the most, was perceived as only 'just starting to get hard'. This 'sensibility' in self-selecting brisk-walking and running speeds has not been demonstrated previously in such young children and supports the use of effort perception as an aid to performance of appropriate exercise in young children.
Note
Based on a sample size of 54 participants, and a Bonferoni adjusted alpha of 0.006, using nQuery Advisor 4.0 (Statistical Solutions, MA, USA)
